Fatty acid distribution of triacylglycerols and phospholipids isolated from five cultivars of adzuki beans (Vigna angularis) was investigated. Lipids were separated by TLC into eight subfractions. The lipid components comprised mainly phospholipids and triacylglycerols. The phospholipid components included phosphatidylcholine, phoshatidylinositol, and phosphatidylethanolamine. Comparison of these different cultivars showed, with a few exceptions, no significant differences in fatty acid distribution. Fatty acid distribution of triacylglycerols among the five cultivars was characterized as: unsaturated fatty acids predominantly concentrated at the sn-2 position and saturated fatty acids primarily occupying the sn-1 or sn-3 position in the lipids. These results should be useful information to both producers and consumers for manufacturing of traditional adzuki confectionaries (wagashi or an paste) in particularly Japan.
Introduction
Some beans are used as staple foods in many countries, and are increasing in attention as a preventive agents against coronary heart disease ( Anderson et al., 1984 , Bazzano et al., 2001 . Adzuki or small red beans (Vigna angularis) are a popular ingredient in many confections in East Asia. The predominant use of adzuki in traditional Japanese confections is an paste or wagashi including youkan, manju and amanatto (Hoshikawa, 1985; Shi, 1988) . Adzuki beans are a rich source of carbohydrates, proteins, vitamins, minerals and fiber; however, they also contain antinutritional factors. Phytates, α-galactosides and trypsin inhibitors are among these factors, and their concentrations differ widely among adzuki bean cultivars. When adzuki beans are prepared for use in confectionaries, they are boiled to yield a hot water extract as a byproduct. This byproduct contains its active ingredients. The 40% (w/v) ethanol fraction of hot-water adzuki bean extract is known to suppress proliferation of human stomach cancer cells in culture, as well as benzo(α)pyrene-induced tumorigenesis in the mouse forestomach (Itoh et al., 2004) . In fact, the hot-water adzuki bean extract has numerous effects (Hori et al., 2009) . Wu et al. (2004) have shown that a watersoluble extract of the adzuki bean could inhibit acetaminophen-induced liver damage.
In Western countries, fat consumption is shifting from food products containing animal fats to those containing vegetable oil due to the potential effect of saturated fatty acids (FA) on obesity, atherosclerosis, coronary heart disease, and myocardial infarction. A previous study has attempted to investigate the nutritional value of adzuki by determining the chemical composition of the whole seed (Hsieh et al., 1992) . However, to the best of our knowledge, no data are available on the lipid components and FA composition of adzuki beans. Therefore, the focus of the present research was to investigate the composition and FA distribution in triacylglycerols (TAG) and phospholipids (PL) isolated from adzuki beans, in an attempt to compare the composition and quality characteristics of lipids among cultivars.
Materials and Methods
Adzuki beans Mature adzuki beans (V. angularis) used evaporator at 35℃. The residue was dissolved in 100 mL of chloroform/methanol (2:1, v/v). Then, 20 mL aqueous KCl (0.75%) was added (Folch et al., 1957) , and the phases were mixed vigorously. After phase separation, the lower layer was removed, dried over anhydrous Na 2 SO 4 , filtered, and the filtrate was concentrated under vacuum. The extracted lipids were weighed to determine the lipid content of the beans and then carefully transferred to a 25-mL brown-glass volumetric flask with chloroform/methanol (2:1, v/v).
Lipid analysis According to a previously reported method (Yoshida et al., 2004) , total lipids were separated by TLC into eight subfractions. Bands corresponding to HC, SE, TAG, FFA, 1,3-DAG, 1,2-DAG, MAG and PL were scraped off into test tubes (105 × 16 mm; poly(tetrafluoroethylene)-coated screw caps). Methyl pentadecanoate (10−100 µg) from a standard solution (5 mg/mL) was added to each tube as the internal standard with a microsyringe (Hamilton, Reno, NV, USA). With the exception of HC, FAME were prepared from the isolated lipids by heating with silica-gel for 30 min at 80℃ in BF 3 /methanol on an aluminum block bath (AOCS, 1992) . Following a previously reported method (Yoshida et al., 2004) , the n-hexane layer containing FAME was recovered and dried over anhydrous Na 2 SO 4 . The solvent was then vaporized under a gentle stream of nitrogen, and the residue (FAME) was analyzed by gas chromatography (GC) using a system (Model-14B; Shimadzu, Kyoto, Japan) equipped with a hydrogen flame ionization detector and a polar capillary column (ULBO HE-SS-10 for FAME-fused silica WCOT [serial no. PSC5481], cyanopropyl silicone, 30 m × 0.32 mm i.d.; Shinwa Chem. Ind., Ltd., Kyoto, Japan). The oven temperature was programmed from an initial temperature of 180℃ (held for 2 min), then increased at a rate of 2℃/min to 200℃, and held isothermally (200℃) for 12 min. Identification was made by comparison of retention times to those of standard FAME. The other GC conditions were as previously reported (Yoshida et al., 2004) .
Samples of extracted polar lipids, which had been separated, were further isolated by TLC with chloroform/methanol/acetic acid/deionized water (170:30:20:7, v/v/v/v) as the mobile phase. PL classes were detected by iodine vapor and were consistent with the authentic standards. Bands corresponding to lipids including phosphatidylethanolamine (PE), phosphatidylcholine (PC), and phosphatidylinositol (PI) were carefully scraped off into test tubes. Then, FAME were prepared by the same method as described above and analyzed by GC.
Enzymatic hydrolysis of lipids TAG hydrolysis was carried out in vitro as previously reported (Yoshida and Alexander, 1983) . A 30-min reaction was selected based on the preliminary results using the standard TAG (glyceryl-1,3-in this work were included five different Japanese cultivars harvested at Tokachi, Hokkaido, Japan, during the summer of 2008 (Erimo, Otome, Roman, Akane and Toyomi) and furnished by the Hokkaido Tokachi Area Regional Food Processing Technology Center. These beans were selected for uniformity based on bean weight (112-153 mg for Erimo and Otome, 128-165 mg for Roman, 170-216 mg for Akane and 225-262 mg for Toyomi). The beans were hand-selected to eliminate those that were cracked or otherwise damaged. Adzuki beans of each cultivar were divided into groups and maintained in separate stainless steel containers at 4℃ prior to repeated experiments.
Reagents and standards All chemicals and solvents used were of analytical grade (Nacalai Tesque, Kyoto, Japan). Diethyl ether was further purified to remove peroxides according to a previous method (Yoshida and Alexander, 1983) . Thin-layer chromatography (TLC) plate pre-coated silica-gel 60 (20 × 20 cm, 0.25 mm thickness) was procured from Merck (Darmstadt, Germany). A standard mixture containing monoacylglycerols (MAG), diacylglycerols (DAG), free FA, TAG, steryl esters (SE) and hydrocarbons (HC) was procured from Nacalai Tesque. A PL kit from Serdary Research Laboratory (Mississauga, ON, Canada) was used as the PL standard. Lipase from porcine pancreas was used after purification by a previously described method (Yoshida and Alexander, 1983) . FA methyl ester standards (F & OR mixture #3) were procured from Altech-Applied Science (State College, PA, USA). Methyl pentadecanoate (C15:0, 100 mg; Merck, Darmstadt, Germany) was dissolved in n-hexane (20 mL) and used as the internal standard. Boron trifluoride in methanol (14%; Wako Pure Chemical Inc., Osaka, Japan) was used to prepare fatty acid methyl esters (FAME).
Chemical analysis Methods specified by the Association of Official Analytical Chemists (AOAC, 1977) were used to determine the chemical composition of the beans. Samples were analyzed in triplicate for fat, protein and moisture contents. Fat content was determined by solvent extraction (Method 991.36), protein content by a Kjeldahl method (Method 981.10) and moisture content by oven-drying to constant weight at 105℃ (Method 925.40).
Extraction of lipids Beans (500 seeds) were ground and passed through a 0.5-mm sieve, using a Maxim homogenizer (Nihonseiki Kaisha, Tokyo, Japan) at high speed for 10 min at 0℃ with 300 mL of chloroform/methanol (2:1, v/v) fortified with 0.01% butylated hydroxytoluene, which was added to inhibit the oxidative degradation of lipids during analysis. The homogenate was vacuum-filtered through defatted filter paper on a Buchner funnel, and the filter residue was rehomogenized with a second volume of chloroform/methanol. The filtrates were combined and dried in a rotary vacuum
Results and Discussion
Lipid components in the beans The major content (dry basis) was: moisture 3.5-3.7%, fat 1.3-1.5% and protein 20.3-21.5%. Profiles of different lipid classes in the beans are shown in Table 1 . Predominant components were PL (72.2-73.4%) and TAG (20.6-21.9%), followed by SE (2.4-3.3%) and minute amounts of additional components (2.4-3.7%). No substantial difference in content of lipid components could be observed between values estimated by combining TLC and GC using the internal standard (C15:0). Table 2 represents the profiles of PL components in the adzuki beans. The original amounts of each PL were approximately 4.49-5.64 g (45.4-46.9%), 2.49-2.95 g (24.5-25.8%), 2.30-2.95 g (23.3-24.7%) and 0.54-0.59 g (4.8-5.7%) per 1.0 kg of bean for PC, PI, PE and others, respectively. These PL are known to be essential components of the cell membranes in plants. Because membrane lipids are involved in such fundamental cell processes as ion transport, energy generation and biomyristate-sn-2-oleate: Sigma Chemical Co.). After approximately 60% of TAG was hydrolyzed, 0.5 mL of 6 M HCl and 1 mL ethanol were added to stop the reaction. In the preliminary study, no fatty acid (oleic acid) at the sn-2 position of standard TAG was transferred to the sn-1 or sn-3 position at 60% hydrolysis for 30 min. The reaction products were separated by TLC as described (Yoshida and Alexander, 1983) . The free FA and sn-2 MAG bands were carefully scraped off into test tubes and then methylated (AOCS, 1992). The procedure was checked by comparing the FA compositions of the original TAG and the TAG remaining after partial hydrolysis.
Statistical analyses All measurements were carried out in triplicate, and the results were subjected to one-way analysis of variance (Steel et al., 1997 ). Significant differences (P < 0.05) were calculated using multiple comparison test, following a previously reported method (Baker, 1980) . centages (0.7-1.2%) in these lipids. The samples had high amounts of total unsaturated FA which consisted mainly of linoleic (18:2n-6) acid, followed by α-linolenic (18:3n-3) and oleic (18:1n-9) acids, representing 70.6-73.8% and 69.9-72.6% for total lipids and PL, respectively. Some significant differences in FA composition existed between total lipids and PL. With a few exceptions, the percentage of palmitic (16:0) acid was higher in the PL (25.8-26.5%), while α-linolenic (18:3n-3) acid was higher in the logical reactions, they are highly conserved in terms of both quality and quantity (Alvarez-Ortega et al., 1997) .
FA composition of total lipids and PL FA distribution of total lipids and PL in the beans was compared among the five cultivars (Fig. 1) . The principal FA components are generally palmitic (16:0), stearic (18:0), oleic (18:1n-9), linoleic (18:2n-6) and α-linolenic (18:3n-3) acids, the composition of which varies according to these lipid classes. Long-chain saturated FA (20:0 and 22:0) were also detected at low perh.YoShidaet al. Conclusions PL and TAG were the main lipid components in adzuki beans (Vigna angularis), in addition to other minor components. The principal pattern of FA distribution in TAG was characterized by: unsaturated FA (>96%), especially linoleic (18:2n-6) acid, predominantly concentrated at the sn-2 position and saturated FA, especially palmitic and stearic acids, primarily at the sn-1 or sn-3 position of TAG. These results should provide helpful information to both producers and consumers for manufacturing of traditional adzuki confectionaries (wagashi or an paste) in Japan and elsewhere. total lipids (22.5-24.3%) or TAG (25.4-27.4%) (Table 3) . However, the percentage of linoleic (18:2n-6) acid was less (P < 0.05) in TAG (31.3-32.7%) than in total lipids (45.1-47.4%) or PL (47.3-48.3%). These FA distribution patterns contrasted with results reported for typical vegetable seeds such as pea seeds (Grela and Gunter, 1995) and kidney beans (Mabaleha and Yeboah, 2004) .
FA positional distribution of TAG The characteristics of composition and positional distribution of FA in TAG were compared among all five cultivars (Table 3) ; the data for Toyomi and Akane were omitted as their patterns were very similar to those of Roman, Otome and Erimo. The major components were palmitic (16:0), linoleic (18:2n-6) and α-linolenic (18:3n-3) acids, followed by stearic (18:0), oleic (18:1n-9), arachidic (20:0) and behenic (22:0) acids. Unsaturated FA, especially linoleic (18:2n-6) acid, were predominantly concentrated at the sn-2 position of TAG, while saturated FA, such as palmitic (16:0), stearic (18:0), arachidic (20:0) and behenic (22:0) acids, were primarily located at the sn-1 or sn-3 position. However, oleic (18:1n-9) acid was almost evenly distributed at the sn-1, 2, and 3 positions, which agrees with previous reports (Reske et al., 1997) . Taken together, the regiospecific distribution patterns in the FA of TAG were very similar to those of other seed oils such as corn and soybeans (Arcos et al., 2000) as well as broad beans (Yoshida et al., 2009) .
FA distribution of major PL FA distribution patterns of PE, PC and PI were compared between all five cultivars (Table  4) ; the data for Toyomi, Roman and Otome were omitted as their patterns were very similar to those of Akane and Erimo. The major FA in the three PL were commonly palmitic (16:0), stearic (18:0), oleic (18:1n-9), linoleic (18:2n-6) and α-linolenic (18:3n-3) acids. FA distribution was very similar among in individual PL among the five cultivars. Comparison of the three PL revealed a significantly higher percentage of linoleic (18:2n-6) acid in PC (48.2-50.1%) than in PE (43.2-44.8%), but a significantly higher percentage of palmitic Fatty Acid Profile in Adzuki Beans (Vigna angularis) 
